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An experimental method to selectively label side-chain NH? groups of glutamine and asparagine in proteins with “N is proposed. This selective 
labeling method enables IO observe only lJNHz resonances and thus, to discriminate between “NH and lsNH, resonances in a ‘H-detected 
hcteronuclcar correlation spectrum, This method gives results with approximalely two times higher sensitivity than those obtained by elaborate 
pulse sequences such as DEFT-HSQC and will be useful for studying the moleculer interaction involving the side chains of Asn and Gin rcsiducs. 
‘H-detected hctcronuclcar correlation spectroscopy; “N-labeling: Acidic fibroblast growth factor 
1. INTRODUCTION 
For the analysis of NMR spectra of proteins with 
molecular weights greater than 15 kDa, ‘H-detected “N 
heteronuclear correlation spectroscopy aided by stable 
isotope labeling methods is now an essential technique 
[l-9. In such a spectrum, some of amide “NH and 
15NH1 resonances overlap wilh each other so the exper- 
imental methods which separate these types of res- 
onances are required. Pulse sequences such as DEPT- 
HMQC or DEPT-HSQC have been applied for this 
purpose [4-73. However, due to longer delays, the ex- 
periments with these pulse sequences are less sensitive 
than those with HMQC or MSQC. As an alternative to 
these pulse techniques, we report a novel method for 
selective labeling of 15NH2 groups in proteins, where we 
take acidic fibroblast growth factor (aFGF, M = 15 
kDa) as an example. 
2. MATERIALS AND METHODS 
2.1. Snrr~ple prcparurion 
For the preparation of “N-uniformly-labeled aFGF, E. coii, the 
strain JM103, having the cnprcssion plasmid for human aFGF, 
pMJ26, was cultured in M9 minimal medium containing 99% 15N- 
enriched NH,,Cl (Isotec inc.). For preparing “NH1-selectively labeled 
uFGF, the ‘3N-cnrichcd MS) medium was supplemented with non- 
labeled amino acids in the following recipe: 400 mg alaninc, 400 mg 
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arginine, 250 mg asp&c acid, 50 mg cystine, 400 mg glutamic acid. 
400 mg glycine, 100 mg histidinc, 100 rng isolcucinc, 100 mg Icucine, 
100 mg lysine. 250 mg methionine, 50 mg phenylalanine, 100 mg 
prolinc. 1.0 g serine, 100 mg threonine, 50 mg tryptophan, 100 mg 
tyrosine, and 100 mg valine IS]. 11 should be noted here that in this 
recipe gluWnine and asparaginc arc not includd, although 400 mg 
glutamine is used in the original recipe described in[8]. “N-uniformly 
or ‘5NH~-selectivcly-labelcd aFGFs were purified according to the 
protocol described previously [9]. 
2.2. NMR espcrinleurs 
The sample for NMR contained IS mM aFGF in 10 mM sodium 
d,-acetate buffer, pH* 5.6. with 500 mM sodium chloride in 90% 
H20/10% D:O (pH* values were pH meter direct reading). The pulse 
sequence used for measuring HSQC spectra was the same as described 
previously [IO]. The delay neLded for the coherence unnsfer was set 
to 2.1 ms, which is slightly shorter than 1/4/Nl’. For the DEPT-HSQC 
experiment [7], the delny corresponding to l/U,,, was set to 4.2 ms. 
180’ pulse was applied as the third proton pulse, which separates 
“NH, from “‘NH resonances in opposite signs, respectively [7]. A 
short-spin-lock pulse, 1.5 ms. was applied prior to acquisition for 
purging water resonance in both HSQC and DEPT-HSQC experi- 
ments IlO]. All spectra were measured at 24*C on a JEOL JNM- 
GX400 spectrometer operating at 400 MHz for protons. The size of 
each FID matrix was as follows: for the HSQC and DEPT-HSQC 
spectra of ‘SN-uniformly-lab&d aFGF, 1024 x256complex points (rl 
x I’) with 2181 .G Hz Fl spectral width, and 1024 x 128 complex points 
with 1400 Hz Fl spectral width were used, respectively. For the 
measurement of the HSQC spectrum of ‘5NH+electivcly-labcled 
aFGF, 1024 x256 complex points with 1400 Hz F, speclral width were 
used. For all 2D spectra, one zero-filling in II dimension was applied 
prior to the Fourier transformation. Acquisition times per each fl 
increment were I28 for the HSQC spectrum. 256 for the DEPT.HSQC 
spectrum of the ‘5N-uniformly-labclcd aFGF and 128 for the HSQC 
spectrum of the ‘5NH~-selectivcly-labeled aFGF. 
3. RESULTS AND DISCUSSION 
Fig. la shows the HSQC spectrum of aFGF uni- 
formly labeled with 15N. In this spectrum, some of the 
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Fig, I. The HSQC spectra of (a) ‘“N-uniformly-labeled, and (b) 15NH~-solecdvely-labcled aFCiF. 
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Fig. 2. The metabolic pathways among asparagine, aspartic acid, 
glutaminc and glutamic acid. The 15N nuclei incorporated from a 
culture medium are marked with asterisks, 
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Fig. 3. The&r incrcmcn:ni dais &-i5QC of(a) “N-uniformly-labeled 
aFGF and (b) ‘SNM,+xlectivcly-labeled aFGF, Both data wcrc 
measured with I, = 4OO,us, 1 K complex dam points for FID, spectral 
width = 6000 Hz, acquisition limes = 128. The data were processed 
by the use of d4 shifted sine bell, 
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Fig. 4. The expanded region of HSQC spectra of(a) “N-uniformly-labeled aFGF, (b) ‘5NH~-selectivcly-labeled aFGF, and (c) the corresponding 
region of the DETP-HSQC spectrum oT’~N-uniformly-labeled aFGF. lSNH resonances arc shzxa with asterisks in (a) and the I3 pairs oTthc lsNH, 
resonances areconnected by dotted lines in (b). In the DEPT-HSQC experiment, the third proton pulse was set to 1 W, and only thcplanecontaining 
“‘NH1 resonances i displayed. 
amide “NH and 15NH1 correlation peaks overlap with 
each other so that discrimination between these pcslks 
is essential for the assignment purpose. DEPT.HSQC 
[73 is applicable for this purpose. However, as an 
alternative way, we propose a novel method to label 
NH2 groups selectively with ‘“N in the present com- 
munication. The biosynthetic pathways of Asn and Gln 
are shown in Fig. 2 [l 11. COOH groups in Glu are 
converted to CONHz of Gln by glutamine synthetase by 
incorporating ammonia from the growth medium in an 
ATP-dependent manner. In the case of Asn, its CONHz 
group is synthesized in two ways: one, from Asp by 
glutamine-independent asparagine synthetase and the 
other, from Gln by glutamine-dependent asparagine 
synthetase [I 11. Therefore, under the condition that am- 
monium chloride labeled with “N and sufficient 
amounts of non-labeled amino acids are added in the 
growth medium, we expect selective labeling of the 
CONHl groups with 15N in Gln and Asn residues. In 
Fig. 1 b, we show the HSQC spectrum of aFGF purified 
from E. coli grown in the minimal medium containing 
“NH&Y1 supplemented with non-labeled amino acids. 
The spectrum in Fig. lb is essentially the same as that 
obtained with DEPT-HSQC, demonstrating that the 
NH? groups in aFGF are selectively labeled with lSN 
(both expanded spectra re shown in Fig. 4b and c). Fig. 
3 demonstrates the selectivity of 15N labeling to the NH2 
groups with this procedure. Both data were taken from 
the first increment of the HSQC spectra of (a) 15N- 
uniformly-labeled and (b) ‘SNH,-selectively-labeled 
aFGF observed under the same experimental condi- 
tions. Although the intensities of the NH2 signals in Fig. 
3b are almost the same as those in Fig. 3a, the back- 
ground “NH signals are completely eliminated (Fig. 
3b), showing thar specific labeling of “NH* groups is 
accomplished in the present experimental condition. 
For detailed inspection of the ef’fbct of the lSNHz- 
selectively-labeling method, the HSQC spectra of the 
‘“NH, region for ‘“N-uniformly-labeled and 15NH2- 
selectively-labeled aFGF samples are compared in Fig. 
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4a and b. On careful comparison of these spectra, we 
can easily identify the 15NM resonances as shown with 
asterisks in Fig. 4a and the pairs of “NH9 res- 
onances which are connected by dotted lines in Fig. 4b. 
In Fig. 4b, 13 pairs of signals are observed which are 
expected from the amino acid composition of aFGF, 
seven Asn and six Gln residues. 
Here, we compare the sensitivity of the DEBT-HSQC 
spectrum of ‘SN-uniformly-labeled aFGF (Fig. 4c) with 
that of the HSQC spectrum of the ‘SNHz-selectively 
labeled sample (Fig. 4b). The DEPT-HSQC pulse se- 
quence requires twice as long as the total delay time 
compared with that of HSQC. In the case of a large 
molecular-weight protein, this longer delay time leads 
to appreciable decay of the signals before acquisition 
due to the short T, relaxation time of the magnetization. 
Moreover, the increase in the number of pulses used in 
DEPT-HSQC causes the sensitivity reduction due to 
accumulation of the pulse imperfection. In fact, inten- 
sity of the typical NH2 signal measured in the DEPT- 
HSQC spectrum is almost half of that of the corre- 
sponding signal in the HSQC spectrum (data not 
shown). 
As an extension of the present experiment, he possi- 
bility of the exclusive labeling of the NH, group either 
in Asn or Gin should be discussed here. In the HSQC 
spectrum of aFGF purified from E. cdl grown in the 
culture medium described above supplemented with 400 
mg non-labeled Gln, all 13 pairs of NH2 signals were 
observed. Thus in this condition, NH? in Gin residues 
was also labeled with “N. This may be due to the high 
turn-over ate of glutamine in the metabolism of E, cofi 
[1 I]. On the other hand, the two biosynthetic pathways 
of Asn (Fig. 2) are known to be inhibited by asparagine 
[I 11. Therefore, the use of growth medium supple- 
mented with sufficient amounts of Asn would make it 
possible to label only NH1 in Gln. This experiment is 
now in progress in our laboratory. 
Finally, we must discuss whether this NH,-selective- 
labeling method is commonly used in any expression 
system using 6 coli. In general, when the ammonium- 
ion concentration of the growth medium is sufficiently 
high (greater than 1 mM), ammonia is incorporated 
directly into the amino group of glutamate, the amide 
group of glutamine, and also the amide group of aspa- 
ragine, Since glutamate and glutamine are used as the 
nitrogen source for other biomolccules uch as DNA 
[1 11, the cyclic reaction pathways between Gln and Glu 
shown in Fig. 2, are responsible for this basic ammonia 
assimilation [Ill. Thus, as long as we use a wild type of 
the E. cofi strain which has not deficiency or mutation 
of the genes responsible for this ammonia assimilation 
reaction, this selective labeling method would work 
well, although we have not yet tried other strains than 
JM103. 
Ack,lol~ll~~~erncnrs: This tudy was entrusted to the Tokyo Mctropo- 
litan Institute or Medical Science by the Science and Technology 
Agency, using the Special Coordination Funds for Promoting Science 
and Technology. This study was also supported by a HFSPO grant. 
REFERENCES 
VI 
PI 
131 
:; 
PI 
171 
Torchia, D.A.. Sparks, SW. and Bax, A. (1988) Biochemistry 27. 
5135-5141. 
Bax, A.. Griffey, R.H. and Hawkins, B.L. (1983) J. Magn. Rcson. 
55, 3Ol-315. 
Bodcnhausen, G. and Ruben, DJ. (1980) Chcm. Phys. Lett. 69, 
185-189. 
Kay, L.E. and Bax. A. (1989) J. Magn, Reson. 84, 598-GO3. 
Schmidt, J.M. and Rutcrjans, H. (1990) J. Am. Chcm. Sot. 112. 
1279-1280. 
Kessler, I-i., Schmicder, P. and Kurz, M. (1989) J. Magn. Reson. 
85.40~05. 
Tate, S., Masui. Y. and Inagaki, F. (1991) J. Magn. Rcson. 94. 
62.5-630. 
[S] Griffey, R.H.. Redfield, A.G., Loomis, R.E. and Dahlquist, F.W. 
(1385) Biochcmistrv 24. 817-822. 
PI 
t101 
t111 
t121 
1131 
iaye,-M.. Burgess,W.H., Shaw, A.B. and Drohan, W.N. (1987) 
I, Biol. Chcm. 262, 16612-lGG17. 
Tatc, S., Masui, Y. and InaSaki, F. (1991) J. Magn. Reson. 94, 
394-400. 
‘Esckrichiu coli and Subtrorlelfa ryphirtwrhn’, vol. I (F.C. 
Kcidhardt, cd.). American Society for Microbiology, 1987. 
Norwood, T.J., Boyd, J., Heritage, J.E., Soffe, N. and Campbell, 
I,D. (1990) J. Magn. Resort. 87, 488-501. 
Clore, GM., Bax, A., Wingfield, P.T. and Groncnborn. A.M. 
(1988) FEDS Lett. 238, 17-21. 
42 
